the early 1990s 1 . However, metastatic breast cancer (mbc) remains a major therapeutic challenge 4 . Despite significant advances, this condition is still considered an incurable disease, with a median survival of 2-3 years 2 .
Metastatic breast cancer may present itself in a variety of clinical scenarios, ranging from solitary metastatic lesions to diffuse and multiple organ involvement 5 . Growing knowledge of tumour biology informs the understanding of prognostic and predictive factors, and continues to guide therapeutic decisions 2, 5, 6 . Furthermore, new knowledge of the biologic heterogeneity of the disease permits a consideration of advanced breast cancer as a number of separate disease entities, to which therapy can be accordingly tailored 5, 6 .
Several molecular subtypes of mbc have been identified 7 . Hormone-sensitive mbc is defined by the expression of the estrogen receptor or the progesterone receptor, or both 2 . For women with this type of breast cancer, hormone therapy is often preferred because it offers a targeted approach with a favourable side-effect profile and general ease of administration. A second subtype is characterized by amplification or overexpression of the human epidermal growth factor receptor 2 (her2) 4, 8 . Metastatic breast cancer positive for her2 is a particularly aggressive clinical phenotype and represents up to 20% of invasive breast cancers 8 . Patients with this subtype generally benefit from anti-her2 targeted therapy. In the mbc setting, cytotoxic chemotherapy is often used to treat triple-negative breast cancer (tnbc), defined as disease negative for her2 as well as for the estrogen and progesterone receptors 7 . The tnbc subtype comprises a smaller fraction (10%-15%) of invasive breast carcinomas with an aggressive phenotype associated with poor prognosis and limited treatment options 1,7,9 .
INTRODUCTION
Breast cancer is a leading cause of cancer mortality in women throughout many countries 1 . Worldwide, more than 1 million new cases of breast cancer are diagnosed annually; in the developed world, one third of women with early-stage breast cancer will develop advanced disease 2, 3 . Because of breakthroughs in early detection and treatment, mortality rates from breast cancer have been declining steadily since Curr Oncol, Vol. 19, pp. 91-105; doi: http://dx.doi.org/10.3747/co. 19.1024 a All authors contributed equally to the development of this manuscript.
CHEMOTHERAPY FOR MBC: THE CURRENT STATE OF THE ART
The goals in mbc management are primarily disease control and palliation of symptoms, combined with a good quality of life for the patient 4, 5 . Long-term survival benefit also constitutes a significant objective, but the availability of multiple therapies and the use of crossover designs in various trials have made that outcome an elusive one 5, 10 . The choice of therapy for patients with mbc typically depends on the risks and benefits of each treatment option, the disease burden and subtype, prior therapeutic exposure, availability, and patient and physician preference 11, 12 . Hormonal and biologic therapies are widely used to treat patients with endocrine receptor-or her2-positive disease subtypes, but those modalities are beyond the scope of the present review. Our focus here is limited to the use of novel chemotherapeutic agents in the treatment of her2-negative mbc. In addition, we focus on novel single-agent therapies, because combinations are not routinely used and are often reserved for the small proportion of patients with symptomatic visceral involvement. Since the 1960s, numerous chemotherapeutic agents and combination regimens have been investigated for the treatment of mbc [12] [13] [14] . Early trials studied chemotherapy in patients who had not received prior adjuvant treatment 13 . As adjuvant chemotherapy became increasingly common, anthracycline-and taxane-based regimens became embedded in practice as standard treatments in the adjuvant or neoadjuvant setting 12, 13, 15 . Thus, the choice of therapy in the metastatic setting is now increasingly influenced by issues of cumulative toxicity and resistance. Debate continues over the value of combination chemotherapy compared with sequential monotherapy in mbc 13 .
Inter-patient and inter-trial variability complicate efficacy and tolerability analyses of new agents 12 . Treatment guidelines have not deemed any particular chemotherapeutic regimen superior for second-or further-line treatment, and no third-line or later standard of care has been established for treatment of mbc 1,12,14,16 . However, many patients with mbc do benefit from later lines of therapy. Dufresne and colleagues 17 demonstrated that 40% of patients achieve disease control for more than 6 months with third-line chemotherapy 12 . Currently, the only widely approved monotherapies for late-line treatment are ixabepilone (in the United States) and capecitabine 1, 12, 18 . In addition, recent findings from studies of eribulin mesylate and nab-paclitaxel in patients who have received multiple lines of chemotherapy warrant attention. Various other agents-including liposomal doxorubicin, gemcitabine, and (with renewed interest) platinum analogs-have been studied for the treatment of mbc [19] [20] [21] [22] [23] [24] [25] [26] . However, although those agents may also be considered potential alternatives for the treatment of mbc, they have not been engaged as the standard of care, and limited prospective data have been generated to enable a systematic review of their efficacy in that setting.
Therefore, in our view, three main chemotherapeutic agents have emerged out of the most recent prospective clinical efforts to develop new alternatives for the management of mbc: eribulin mesylate, ixabepilone, and nab-paclitaxel. Considering the depth and quality of the data available on those agents, they are the focus of the present review. After a discussion of the clinical data, we consider how these novel agents may be incorporated into Canadian clinical practice.
ADVANCES IN CHEMOTHERAPY

Eribulin Mesylate: An Analog of a Natural Product
Recent studies have demonstrated that eribulin mesylate (E7389), a non-taxane inhibitor of microtubule dynamics, may be effective in patients with mbc resistant to other tubulin-targeting agents 12, 27 . Eribulin is a structurally modified synthetic analog of halichondrin B, a natural product isolated from the marine sponge Halichondria okadai. It acts by driving the formation of nonfunctional tubulin aggregates, thereby depleting tubulin stores 12, 27, 28 . In addition, in contrast to a number of other microtubule inhibitors, eribulin caps the end of microtubules, blocking polymerization without affecting depolymerization 12, 27 . As a result, it delivers two "hits" to induce apoptosis and eventual cell death. Moreover, eribulin has a rapid infusion time, is water-soluble, and requires no pre-medication for hypersensitivity. (Table i) . Secondary endpoints were based on independent masked review of tumour assessments and were found to be generally consistent with the primary endpoints 12, 27 . Also based on that review, a nonsignificant increase in progression-free survival (pfs) was found in the eribulin group. By contrast, when pfs was evaluated according to an investigator assessment of the intention-to-treat population (conducted for the purpose of sensitivity analyses), pfs prolongation was found to be significant in the eribulin group compared with the tpc group (3.6 months vs. 2.2 months, Table i) 27 . This apparent difference arose from the censoring of almost twice as many patients in the independent review as in the investigator review (241 vs. 127). Study scans stopped once the investigator declared disease progression, leading to many censored patients in the independent review, in which non-measurable disease could be assessed for progression only if nontarget lesions progressed or new lesions appeared. More progression events were therefore included in the investigator review than in the independent review (635 vs. 521).
Clinical Trials
Consistent with phase i and ii trials, eribulin exhibited a manageable toxicity profile 27 . Adverse events (aes) occurred in 497 of 503 patients (99%) receiving eribulin and in 230 of 247 patients (93%) receiving tpc. The overall incidence of aes, treatment discontinuations, and treatment-related fatalities were comparable between the treatment groups 12, 27 . The most common aes in both arms were asthenia (or fatigue) and neutropenia, most of which were grade 1 or 2. Grade 3 or 4 events that were more frequent in the eribulin group than in the tpc group were leukopenia, neutropenia, and peripheral neuropathy ( Table i) . Notably, however, the incidences of grade 3 and 4 febrile neutropenia and peripheral neuropathy were low; both were generally manageable with dose modifications.
Conclusions
The results of the embrace study establish eribulin mesylate as a potential new alternative for women with pretreated (including an anthracycline and a taxane) mbc-a patient population for whom there was previously no single-agent chemotherapy treatment with demonstrated survival benefit 12, 27 . To date, eribulin is the only agent that has been shown, when administered as monotherapy, to prolong os in pretreated patients with mbc. In addition to a manageable toxicity profile, eribulin also offers a clinically significant 2.5-month increase in median survival for such patients 27 . It should be noted that, in the embrace trial, patients received a median of four prior chemotherapy regimens, and more than 50% of patients had metastatic involvement of three or more organs. The overall objective response rate (orr) in patients treated with eribulin was 12% [compared with 5% in the tpc arm (p = 0.002)], including three complete responses (crs). No crs were seen with tpc. It might be argued that the choice of tpc as a comparator arm precluded detailed comparisons with eribulin and yielded limited quality-of-life interpretations, because tpc included a number of chemotherapies with unique benefits and toxic effects. But, despite the limitations, investigation of tpc as a comparator arm is clinically relevant because the results reflect real-life choices made by clinicians and their patients. Cortes and colleagues 27 argue that the comparison makes the benefits of eribulin more generalizable to clinical practice than if the control in the study had been artificially constrained to a single monotherapy.
Given the benefits that eribulin showed as a single agent in the pretreated mbc setting, further interest in the potential role of eribulin in early treatment is warranted 27 . Two ongoing phase ii trials are investigating the role of eribulin (monotherapy and combinations) as first-line therapy for mbc (search for NCT01268150 and NCT01269346 at http://clinicaltrials.gov/ct2/ search). Additional phase i and ii trials are examining eribulin in combination with various chemotherapeutic agents in patients with advanced, metastatic, or unresectable solid tumours [NCT01372579 (carboplatin), NCT00415324 (cisplatin), NCT00410553 (gemcitabine), and NCT01323530 (capecitabine)] 12 .
Moreover, eribulin is being studied in phase ii trials with targeted agents such as trastuzumab (NCT01432886) and ramucirumab (NCT01427933) for the treatment of mbc.
Ixabepilone: A Novel Epothilone Analog
Epothilones are a new class of cytotoxic antineoplastic agents that affect microtubule dynamics to induce cell cycle arrest and apoptosis 31 . Ixabepilone is a semisynthetic analog of the natural product epothilone B, derived from the myxobacterium Sorangium cellulosum [31] [32] [33] . It is the first agent in its class specifically designed to provide enhanced antitumour activity 34 . Ixabepilone acts by binding to a site on β-tubulin proteins and driving the formation of abnormal mitotic spindles, thereby enhancing microtubule stability [34] [35] [36] . Although the mechanism of action of ixabepilone is similar to that of taxanes, preclinical studies have shown that ixabepilone is structurally different from taxanes and anthracyclines, and binds to tubulin in a distinct manner that makes it less susceptible to mechanisms of drug resistance 32, [36] [37] [38] . With low susceptibility to tumour resistance and potential for synergy with other cytotoxic agents (such as capecitabine), ixabepilone has been labelled one of the most active epothilone analogs for the treatment of mbc 31,32,35,37-39 .
3.2.1
Efficacy Profile Phase ii trials have reported activity for ixabepilone monotherapy, with orrs ranging from 12% (in patients refractory to anthracyclines, taxanes, and capecitabine) to 42% (in patients with metastatic disease after adjuvant anthracycline-based therapy) 31, 37, [40] [41] [42] . Preclinical data also indicated a potential role for ixabepilone combinations in anthracycline-and taxane-pretreated mbc 31,39 . A phase i/ ii study showed a promising synergistic interaction between ixabepilone and capecitabine (a combination likely to enhance tumoricidal activity), prompting phase iii clinical trials (Table ii) 31, 34, 43 .
A pivotal phase iii trial compared the efficacy and safety of the combination of ixabepilone and capecitabine with that of capecitabine alone in patients treated with up to three prior anthracycline-or taxane-based chemotherapies for locally advanced or metastatic disease (Table ii) 31 . Eligible patients received either a 3-hour intravenous infusion of ixabepilone 40 mg/m 2 on day 1 of a 21-day cycle, plus oral capecitabine 2.0 g/m 2 administered in two doses on days 1-14 of a 21-day cycle; or just capecitabine 2.5 g/m 2 on the same schedule. Treatment was continued until disease progression or unacceptable toxicity.
Patients received a median of 5 cycles of combined ixabepilone-capecitabine or a median of 4 cycles of capecitabine alone. Of the 752 patients enrolled, 737 patients were treated, 369 being randomized to ixabepilone-capecitabine, and 368, to capecitabine monotherapy. The combination therapy proved to be superior, with a median pfs of 5.8 months (95% ci: 5.45 to 6.97 months) compared with 4.2 months for capecitabine alone (95% ci: 3.81 to 4.50 months)-almost a 40% increase in median pfs with combination treatment. Secondary endpoints-including tumour response rate, time to response, and duration of overall response-were consistent with the primary endpoint. Trial data was not mature for os analysis at the time of publication. A subsequent publication presented complete os data and reported a nonsignificant increase in os for the ixabepilone-capecitabine combination compared with capecitabine alone (12.9 months vs. 11.1 months; hr: 0.9; 95% ci: 0.77 to 1.05; p = 0.19) 45 .
A similar phase iii trial studied 1221 patients with mbc that had been pretreated with anthracyclines and taxanes, but that were not necessarily chemotherapyresistant (Table ii) 34, 44 . No significant difference in os (the primary outcome) was reported, but the pfs (6.2 months vs. 4.2 months; hr: 0.79; p = 0.0005) and response rate (43% vs. 29%, p < 0.0001) were significantly improved.
3.2.2
Toxicity Profile Ixabepilone has a generally manageable toxicity profile as monotherapy and in combination, with minimal overlapping toxicities (Table ii) 46 . However, a safety signal for peripheral neuropathy emerged that may affect the integration of ixabepilone into clinical practice.
The most common toxicity observed with ixabepilone was myelosuppression-namely, neutropenia (Table ii) 34 . Grade 3 or 4 neutropenia occurred at a rate of 22%-58% with ixabepilone monotherapy and at 68% with ixabepilone-capecitabine 47 , but febrile neutropenia was rare (5%-7%) 34 . Neutropeniarelated deaths have been reported in patients treated with combination therapy who had moderate to severe liver dysfunction at baseline; ixabepilone in combination with capecitabine is contraindicated for this patient subgroup.
As with some microtubule inhibitors, neuropathy is another relevant concern with ixabepilone 47, 48 . Grade 3 or 4 peripheral sensory neuropathy occurred in 0%-20% of patients treated with ixabepilone monotherapy, and in 21%-24% of patients treated with ixabepilone-capecitabine 44, 47 . This toxicity was reported to be cumulative in nature, but generally reversible to grade 1 or baseline within a median of 6 weeks with dose reductions 44, 47, 49 . Development of neuropathy can be dose-or treatment-limiting in many patients and can lead to permanent neuronal dysfunction in a small proportion of patients; further research is required to identify clinical tools for the prediction and prevention of neurotoxicity 34 . In the interim, the benefits associated with ixabepilone therapy should be carefully weighed against the risks 49 .
Conclusions
Ixabepilone has shown activity across various advanced breast cancer settings. As monotherapy, it has activity rates that appear comparable with those of taxanes, capecitabine, vinorelbine, gemcitabine, and doxorubicin 32 . Phase iii data support the use of ixabepilone in combination with capecitabine, but no crossover data are available for the sequential use of capecitabine followed by ixabepilone. The U.S. Food and Drug Administration has approved ixabepilone based on the available data. But challenges such as myelosuppression and peripheral neuropathy remain problematic with this agent. To date, the European Medicines Agency and Health Canada have not granted marketing authorization 34 . Existing data suggest that ixabepilone may be a reasonable alternative in patients whose disease has progressed on a taxane, an anthracycline, and capecitabine, but, pending approval, this agent's modest activity, problematic toxicities, and lack of phase iii data showing improvement in os will limit its clinical use as monotherapy or in combination with capecitabine.
The potential use of ixabepilone in early-stage breast cancer is currently under evaluation 46 . A recent phase ii trial examined first-line trastuzumab plus weekly ixabepilone and carboplatin in patients with her2-positive mbc 50 . Chemotherapy combinations with ixabepilone are being studied in phase i and ii trials, chiefly involving epirubicin 34, 51 . In addition, ongoing phase ii studies are evaluating ixabepilone in combination with various targeted agents, including trastuzumab (search for NCT00079326, NCT00490646, NCT00077376, and NCT00821886 at http://clinicaltrials.gov/ct2/search), lapatinib (NCT00634088), and bevacizumab (NCT00785291, NCT00370552) for the treatment of pretreated or untreated mbc 52 .
Nab-Paclitaxel: A New Taxane Formulation
Taxanes such as paclitaxel and docetaxel have been described as some of the most active cytotoxic agents available for the treatment of breast cancer 53 . These agents typically act by binding to tubulin and stabilizing polymerization, ultimately leading to cell death by apoptosis 54, 55 . Nanoparticle albumin-bound (nab)-paclitaxel is a novel, solvent-free formulation of paclitaxel recently developed to prevent the hypersensitivity reactions typically associated with this taxane, which are generally related to the solvent suspension of polyoxyethylated castor oil (for example, Cremophor: BASF, Ludwigshafen, Germany) 2,34,56 . Serum albumin-bound nab-paclitaxel complexes safely deliver high intracellular concentrations of taxane to tumour cells by interacting with albumin receptors 2 . This new formulation allows for the safe infusion of significantly higher doses of paclitaxel than can be administered with standard paclitaxel therapy. In addition, nab-paclitaxel can be administered over a shorter duration of infusion (30 minutes compared with 3 hours for standard paclitaxel) and without pre-medication for hypersensitivity 57 .
3.3.1
Efficacy Profile Numerous phase i and pharmacokinetic studies have been conducted to determine a maximum tolerated dose and optimal dose for nab-paclitaxel, with limited success 58 . Phase ii studies have subsequently studied the safety and efficacy of this agent at various doses, reporting significant orr improvements (ranging from 14% to 48%) and a significant pfs prolongation for nab-paclitaxel compared with docetaxel (12.9 months vs. 7.5 months, p = 0.0065, Table iii) . Notably, Blum and colleagues 59 reported modest orrs (14% and 16% with weekly nab-paclitaxel 100 mg/m 2 and 125 mg/ m 2 respectively) and a favourable safety profile in patients with mbc that had progressed with previous taxane therapy.
An international open-label randomized phase iii study by Gradishar and colleagues 57 set out to demonstrate superior efficacy and reduced toxicity for nab-paclitaxel compared with standard paclitaxel in patients with three or fewer previous chemotherapy treatments (and other pre-specified criteria). Patients previously treated with paclitaxel or docetaxel in the metastatic setting were excluded from the study. Eligible patients were randomly assigned to receive either nab-paclitaxel 260 mg/m 2 administered intravenously over 30 minutes without pre-medication or standard paclitaxel 175 mg/m 2 administered intravenously over 3 hours every 3 weeks. A total of 229 patients were randomized to receive nab-paclitaxel, and 225, to receive standard paclitaxel. At least 6 cycles were administered to 129 patients (56%) in the nab-paclitaxel group and to 112 patients (50%) in the standard paclitaxel group. Based on the intention-totreat population, the reported orr was significantly increased with nab-paclitaxel than with standard Various phase ii studies have examined combinations of nab-paclitaxel with targeted agents-namely, trastuzumab and bevacizumab-for early treatment of mbc (orrs ranged from 30% to 60%) [62] [63] [64] . Studied chemotherapy combinations have included nabpaclitaxel with gemcitabine and with capecitabine (orrs ranged from 50% to 61%) 61, 64, 65 . Currently, nab-paclitaxel is being investigated in combination with targeted agents such as bevacizumab (search for NCT00618657 at http://clinicaltrials.gov/ct2/search).
3.3.2
Toxicity Profile As expected, compared with paclitaxel, nabpaclitaxel was reported to be associated with less myelotoxicity (5%-9% grade 4 neutropenia), but a greater incidence of grade 3 sensory neuropathy (10% vs. 2%, p < 0.001, Table iii) 34,57,60 . Sensory neuropathy was cumulative, dose-dependent, and partially reversible 52 . Moreover, fewer hypersensitivity reactions were reported for patients treated with nab-paclitaxel than for patients treated with paclitaxel (<1% vs. 2%) despite the fact that only 8% of nab-paclitaxel-treated patients received pre-medication (99% of paclitaxel-treated patients received pre-medication) 33, 57 . Treatment discontinuations, dose reductions, and dose delays because of aes were infrequent in both treatment groups, and no quality-of-life differences were observed between them. Myelotoxicity, including the incidence of febrile neutropenia, was also reduced in comparisons of various doses of nab-paclitaxel with docetaxel 60 .
3.3.3
Conclusions With improved efficacy, lack of a need for pre-medication, a better toxicity profile, and a faster infusion time at high doses, nab-paclitaxel may overcome and surpass the limitations of the existing solvent-based 
Other Agents Currently in Use in Canada for MBC
Capecitabine
Capecitabine is a pro-drug unique in its ability to be converted to 5-fluorouracil by the enzyme thymidine phosphorylase, which is highly active in tumour tissue 2 . Ultimately, 5-fluorouracil exerts its cytotoxic effect by inhibiting dna, rna, and protein synthesis. Capecitabine has been studied as a single agent in numerous phase ii trials, as well as in phase iii combination studies with other cytotoxic agents and novel targeted agents. In addition, capecitabine has been studied in first-, second-, and later-line mbc settings. A number of phase ii studies have demonstrated orrs ranging from 15% to 37%, and phase iii studies have reported more modest response rates ranging from 9% to 14% for capecitabine in patients who were previously treated with at least one chemotherapy regimen (adjuvant or mbc, or both) 2, [67] [68] [69] [70] [71] [72] [73] . Notably, those trials studied os only as a secondary endpoint. As a secondary endpoint, os was found to be significantly longer with first-line oral capecitabine than with classical cyclophosphamide-methotrexatefluorouracil in the treatment of women with advanced breast cancer unsuited to more intensive regimens (median: 22 months vs. 18 months; hr: 0.72; 95% ci: 0.55 to 0.94; p = 0.02) 74 . Overall survival was also significantly prolonged in a phase iii trial comparing the combination of capecitabine-docetaxel with single-agent capecitabine 75 . However, the greater toxicity of the former combination and the prevailing practice of sequential monotherapies in mbc has kept capecitabine-docetaxel from gaining widespread acceptance. Capecitabine is generally well tolerated, with a low incidence of grade 3 or 4 events 2 . It must be noted, however, that as clinical experience with capecitabine increased, many clinicians found that a large proportion of patients required dose reductions after initiation of treatment at the registered starting dose (2.5 g/m 2 daily in two divided oral doses for 14 days, every 21-day cycle) 76 . Based on a review of cumulative evidence of alternative capecitabine dosages and dosing schedules, Zielinski and colleagues 76 recommend a starting dose of 1.0 g/m 2 twice daily. Currently, the most common aes with this agent include fatigue, hand-foot syndrome, and gastrointestinal effects 2 .
3.4.2
Vinorelbine Vinorelbine is a vinca alkaloid, which-like eribulin, ixabepilone, and nab-paclitaxel-targets microtubules, leading to apoptosis 2 . Currently, vinorelbine is commonly used as a second-line agent or beyond, often after treatment with anthracyclines and taxanes. Common aes with this agent include neutropenia, nausea, fatigue, constipation, peripheral neuropathy, and stomatitis 2, 77 . Neutropenia, while dose-limiting, is generally reversible and not cumulative over time. Because of cumulative neurotoxicity and a high incidence of neutropenia, continuous weekly dosing with vinorelbine 30 mg/m 2 can be difficult, and dose reductions or schedule modifications are often required 2, 78 . Phase ii studies have examined orrs with this agent at a weekly dose of 20-30 mg/m 2 , with favourable results (orrs of 16%-36%) 2, [78] [79] [80] . A recent phase iii study of single-agent vinorelbine 30 mg/m 2 (on days 1 and 8 of a 21-day cycle) compared with vinorelbine-gemcitabine, demonstrated a median pfs prolongation of 4.0 months compared with 6.0 months in favour of the combination. Overall tumour response rates were 26% and 36% (in favour of the combination, but nonsignificant: p = 0.093) 2, 81 . Febrile neutropenia occurred in 6% of patients receiving single-agent vinorelbine and in 11% of those receiving the combination (p = 0.15).
3.4.3
Gemcitabine Gemcitabine is a dna nucleoside analog that inhibits dna synthesis, leading to tumour cell death 2 . Most of the data on single-agent gemcitabine for the treatment of mbc is derived from phase ii studies. In patients pretreated with anthracyclines and taxanes, gemcitabine treatment (at doses ranging from 800 mg/m 2 to 1.2 g/ m 2 ) resulted in orrs ranging from 12% to 30% 2, 19, 20 . In a phase iii trial that studied anthracycline-pretreated patients with mbc, Albain and colleagues 22 demonstrated an improved os with gemcitabine-paclitaxel compared with single-agent paclitaxel 22 . The most common toxicities with gemcitabine are hematologic, particularly neutropenia and thrombocytopenia 2 .
NOVEL AGENTS: IMPLICATIONS FOR CLINICAL PRACTICE
Cumulative toxicity and resistance to commonly used antineoplastic agents such as anthracyclines and taxanes, whether in the adjuvant, neoadjuvant, or mbc setting, continue to be limiting factors in breast cancer treatment 81, 82 the choice should be tailored to both tumour and patient characteristics 2, 14 . A thoughtful approach is therefore required to optimize therapy for mbc. In some cases, optimal therapy may involve a return to prior lines of therapy, including anthracyclines and taxanes, in an attempt to elicit a response and provide relief of symptoms.
The available agents are all active, well-tolerated single agents, with limitations posed by their respective toxicity profiles-namely, myelosuppression and cardiotoxicity 2 . Use of platinum-based agents is common in patients with tnbc, but additional investigation is required to further understand the role of those agents in mbc. Capecitabine, with its convenient oral route of administration, is a wellstudied agent in mbc. Vinorelbine and gemcitabine have also shown activity in mbc, but data from wellconducted studies for those two agents are limited. Combinations offer improved response rates over single agents at the cost of increased toxicity, and for the most part, without an improvement in os or quality of life 19, 22, 75, 83 . Platinum-based agents may be particularly effective in the treatment of patients with tnbc, and trials are underway to assess their efficacy in this subtype of mbc.
For women with her2-negative metastatic disease, the lack of effective options for heavily pretreated patients (for example, those treated with anthracyclines, taxanes, and capecitabine) 8, 27 indicates a need for novel treatments that would ideally be implemented early in the course of metastatic disease. The search for such chemotherapeutic interventions has proved challenging. Over recent decades, indepth investigation of a number of novel compounds has been completed, and results point to potentially meaningful findings.
Ongoing shifts in clinical standards and significant differences in trial designs make specific trial comparisons with novel agents challenging. That situation is exemplified in the clinical trial that examined nab-paclitaxel against paclitaxel (dosed every 3 weeks), which used a control arm that was later found to be inferior in efficacy and safety to weekly paclitaxel 84 . That control arm is therefore no longer reflective of the standard of care (weekly dosing) for patients treated with paclitaxel. Differences in patient populations assessed within each trial further complicate cross-trial comparisons. For example, results of the embrace trial 27 , which investigated eribulin in patients previously treated with two or more chemotherapies for mbc, cannot be directly compared with those of the trial by Gradishar and colleagues 57 , which investigated nab-paclitaxel in naïve to heavily pretreated patients with mbc.
Eribulin has shown very promising activity in the pretreated mbc setting 27 . Although the choice of a tpc comparator arm limits specific comparisons of eribulin with other agents, eribulin was shown to provide a survival benefit over the variety of agents used in the tpc arm (including capecitabine, gemcitabine, and vinorelbine), in patients pretreated with a median of four previous chemotherapy regimens 12, 27 . To date, embrace is the first major single-agent study of a cytotoxic or biologic agent to show significantly increased os in patients pretreated for mbc 27 . Nabpaclitaxel may have a role as an agent of choice in lieu of existing taxanes, which are typically used in the pretreated mbc setting 53, 66 . While the data for nab-paclitaxel compared with docetaxel are limited, nab-paclitaxel is preferred for its improved toxicity profile, and it is increasingly being considered in early lines of mbc treatment. In another recent finding, ixabepilone was found to be the first epothilone analog to demonstrate significant clinical activity in pretreated mbc 31,43 . However, peripheral neuropathy remains a major concern with this particular agent, likely limiting its potential use in worldwide clinical practice for the treatment of mbc.
As novel cytotoxic agents are introduced into clinical practice, it is useful to outline key commonalities among the patients that may benefit from such interventions. An outline of this kind may help to facilitate treatment decisions and the incorporation of these agents into practice. Currently, the uniting criteria among the available data for novel agents in mbc are good organ function; prior treatment with an anthracycline, taxane, or capecitabine; and a need for further lines of chemotherapeutic treatment. Importantly, it is not yet possible to draw conclusions regarding the treatment of choice for women who have a heavy burden of disease and for whom treatment may help to relieve symptoms and improve quality of life 27 .
Finally, with the imminent arrival of new and promising options for breast cancer, the appropriateness and value of survival endpoints used in clinical trial analyses are often debated. Overall survival is considered the "gold standard" in oncology trials 10, 85 , this endpoint being favoured because of its objectivity, clear indication of benefit, and ease and reliability of measurement 10 . However, determination of os also requires a larger sample size and a prolonged follow-up period, and the endpoint itself may be influenced by therapies used after patient participation in a given trial has ended. In randomized mbc trials, pfs and ttp are often used as surrogate primary endpoints for survival. The merits of using pfs and ttp as measures of clinical benefit are that they are reached faster than os is, and they are not influenced by subsequent treatments. However, measurements of pfs and ttp are more involved and therefore more susceptible to error and bias. Moreover, although some degree of association has been detected between those endpoints and os, results remain inconsistent, and the nature of the relationship is uncertain.
SUMMARY
Eribulin, ixabepilone, and nab-paclitaxel are three novel agents developed to improve patient outcomes in the mbc setting. Eribulin mesylate is the first monotherapy to significantly increase os in patients with pretreated mbc, and nab-paclitaxel offers a novel, safer mode of delivery in comparison with standard taxanes 27, 53, 66 . By contrast, the use of ixabepilone will be limited until the related neurotoxicity can be better managed 34 . The clinical benefits of each of the foregoing agents may encourage their integration into Canadian clinical practice. To choose the right treatment, the clinician must consider regional availability and reimbursement status in addition to the efficacy and toxicity profiles of the available agents in the context of tumour biology and patient preference.
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